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Abstract 

cN : 

, We first present a short overview of X-ray probes of the black hole re- 

■ gion of active galaxies (AGN) and then concentrate on the X-ray search 
^Nj ' for supermassive black holes (SMBHs) in optically non-active galaxies. 

^jQ, The first part focuses on recent results from the X-ray observatories 

' Chandra, and XMM-Newton which detected a wealth of new spectral 

features which originate in the nuclear region of AGN. 

In the last few years, giant-amplitude, non-recurrent X-ray flares 
' have been observed from several non-active galaxies. All of them share 

CO , similar properties, namely: extreme X-ray softness in outburst, huge 

• peak luminosity (up to ~ 10^** erg/s), and the absence of optical signs 

' of Seyfert activity. Tidal disruption of a star by a supermassive black 

, hole is the favored explanation of these unusual events. The second part 

' provides a review of the initial X-ray observations, follow-up studies, 

I and the relevant aspects of tidal disruption models studied in the litera- 

. ture. 

o : 

O ■ 1 Introduction 

p : 1.1 The search for SMBHs at the centers of galaxies 

Q ■ The study of supermassive black holes and their cosmological evolution is 

[ of great interest for a broad range of astrophysical topics including facets of 

^ galaxy formation and general relativity. In the last few decades, a number 

. . , of different methods were developed to search for supermassive black holes 

■ (SMBHs) in external galaxies. Their detection in large numbers would clarify 
k> , our understanding of the early phases of the evolution of galaxies. In active 

^ ■ galactic nuclei SMBHs are now generally believed to be the prime mover of 
5^ ', the non-stellar activity. X-ray observations in the near future are expected to 
offer the opportunity of detecting some of the distinctive features of strong 
field gravity, thereby also providing the ultimate proof for the existence of 
black holes in AGN. 

There is now strong evidence for the presence of massive dark objects at 
the centers of many galaxies. Does this hold for all galaxies ? If so, why 
are some SMBHs 'dark' ? Questions of particular interest in the context of 
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galaxy/ AGN evolution are: When and how did the first SMBHs form and 
how do they evolve ? What fraction of galaxies have passed through an active 
phase, and how many now have non-accrcting and hence unseen supermassive 
black holes at their centers (e.g., Lynden-Bell 1969, Rees 1989)? 

Several approaches were followed to study these questions. Much effort 
has concentrated on the determination of central object masses from mea- 
surements of the dynamics of stars and gas in the nuclei of nearby galaxies. 
Earlier (ground-based) evidence for central quiescent dark masses in galaxies 
(Kormcndy & Richstone 1995) has been strengthened by recent HST results 
(see Kormendy & Gebhardt 2001 for a review). 

A quite accurate determination of black hole mass was enabled by the de- 
tection of water vapor maser emission from the mildly active galaxy NGC 4258 
(Miyoshi et al. 1995). The water masers, whose motion can be precisely 
mapped with VLBI, are located in a very compact disk in Keplerian rotation 
around the central SMBH. The fortunate geometry of the disk, nearly edge- 
on, allows to obtain the BH mass with high accuracy: Mbh = 3.6 10^ Mq 
(Neufeld & Maloney 1995, Greenhill et al. 1995). 

Still closer to the SMBH, in active galaxies with with broad line region 
(BLR hereafter), the technique of BLR reverberation mapping (e.g., Peterson 
2001) provides a powerful tool to estimate the BH mass via the clouds' dis- 
tance from the center and their velocity field (e.g., Peterson & Wandel 2000, 
Ferrarese et al. 2001). 

1.2 X-ray probes of the black hole region of AGN 

Whereas the dynamics of stars and gas probe rather large distances from the 
SMBH, high-energy X-ray emission originates from the immediate vicinity 
of the black hole. In active galaxies, excellent evidence for the presence of 
SMBHs is provided by the detection of luminous hard power-law like X-ray 
emission, rapid variability, and the discovery of evidence for relativistic effects 
in the iron-K hue profile. X-ray observations currently provide the most 
powerful way to explore the black hole region of AGN. 

X-rays at the centers of AGN arise in the accretion-disk - corona system 
(e.g, Mushotzky et al. 1993, Svensson et al. 1994, Collin et al. 2000, and 
references therein). On larger scales, but still within the central region, X- 
rays might be emitted by a hot intercloud medium at distances of the broad 
or narrow-line region (e.g., Elvis et al. 1990). 

The X-rays which originate from the accretion-disk region are reprocessed 
in form of absorption and partial re-emission (e.g., George & Fabian 1991, 
Netzer 1993, Krolik & Kriss 1995, CoUin-Souffrin et al. 1996, Komossa & Fink 
1997b) as they make their way out of the nucleus. The reprocessing bears the 
disadvantage of veiling the intrinsic X-ray spectral shape, and the spectral 
disentanglement of many different potentially contributing components is not 
always easy. However, reprocessing also offers the unique chance to study 
the physical conditions and dynamical states of the reprocessing material (see 
Komossa 2001 for a review), hke: the outer parts of the accretion disk; the 
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ionized absorber; the torus, which plays an important role in AGN unification 
schemes (Antonucci 1993); and the BLR and NLR. Detailed modeling of the 
reprocessor(s) is also necessary to recover the shape and properties of the 
intrinsic X-ray spectrum. 

Figure 1: Sketch of the central region of Seyfert galaxies. The black hole and 
accretion disk region is surrounded by two systems of gas clouds, the broad 
line region (BLR) and narrow- line region (NLR). These show up by their 
characteristic line emission in optical spectra of AGN, and their presence is 
usually used to identify and classify AGN. The molecular torus, and variants 
of it, are thought to play an important role in unification schemes of Seyfert 
galaxies by blocking the direct view on the BLR for certain viewing directions 
of the observer (Antonucci 1993). Somewhere outside the bulk of the BLR, a 
relatively recently discovered component of the active nucleus is located, the 
so-called 'warm' or ionized absorber (WA). 

A modification of this picture was recently proposed by Elvis (2000, 2001). In 
his model, the BLR clouds arise from a flow of gas which rises vertically from a 
narrow range of radii from the accretion disk. The flow then bends and forms 
a conical wind moving radially outwards. The BLR clouds are identified with 
the cool phase of this two-phase medium. Warm absorbers appear if we view 
the continuum source through the wind (Elvis 2000, see his Fig. 1) 

Recent progress has been made based on the improved spectral reso- 
lution of the new generation of X-ray observatories, Chandra and XMM- 
Newton. Both missions have imaging detectors and grating spectrometers 
aboard. Their energy sensitivity bandpass covers ~(0.1-10) keV. Below, a 
short review of results from these observatories is given, starting at relatively 
large distances from the SMBH (NLR), and then moving further inward (warm 
absorber and accretion disk region). 

X-ray emission lines, X-ray narrow-line region. The detection of a 
high-temperature, narrow-line. X-ray emitting plasma in NGC4151 was re- 
ported by Ogle et al. (2000), confirming earher evidence for extended X-ray 
emission from this galaxy (Elvis et al. 1983). The X-ray gas is spatially co- 
incident with the NLR and extended narrow-line region. For the first time, 
numerous emission-lines were detected in the X-ray spectrum of NGC4151 
with the HETG (High Energy Transmission Grating Spectrometer) aboard 
Chandra. 

The X-ray emission lines detected in the spectrum of NGC 4151 and several 
Seyfert 2 galaxies (e.g., Mrk3, NGC 1068), contain important information on 
the physical conditions in the line-emitting medium, like temperature, density, 
and the main gas excitation/ionization mechanism - photoionization or col- 
lisional ionization. Of particular importance in determining the main power 
mechanism of the fines, are the Helium-fike triplets (Gabriel & Jordan 1969; 
see our Fig||), the widths of the radiative recombination continua, and the 
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Figure 2: Chandra LETGS X-ray spectrum of NGC 5548 (Kaastra et al. 
2000). The inset shows a zoom of the OVII triplet to which a resonance 
line, two intercombination lines (unresolved), and a dipole-forbidden line con- 
tribute. 

strengths of the Fe-L complexes (e.g., Liedahl et al. 1990). 

X-ray absorption lines, ionized absorber. With ROSAT, the signatures 
of so-called 'warm' absorbers, absorption edges of highly ionized oxygen ions 
at £^ovii = 0.74 keV and Eovm = 0.87 keV, were first detected in MCG-6- 
30-15 (Nandra & Pounds 1992), following earlier Einstein evidence for highly 
ionized absorbing material in AGN (Halpern 1984). Detailed studies of many 
other AGN followed, and the signatures of warm absorbers have now been 
seen in about 50% of the well-studied Seyfert galaxies (see Komossa 1999 for 
a review). First constraints place the bulk of the ionized material outside 
the BLR, and depending on its covering factor and location, the warm ab- 
sorber may be one of the most massive components of the active nucleus. 
Evidence for ionized absorption was also found in some very high-redshift 
quasars, starting with observations of PKS 2351-154 (Schartel et al. 1997). 
Some (but not all) warm absorbers were suggested to contain dust, based on 
otherwise contradictory optical-X-ray observations (e.g., Brandt et al. 1996, 
Komossa & Fink 1997b, Komossa & Bade 1998). The first possible detection 
of Fe-L dust features in the X-ray spectra of MCG— 6-30-15 and Mrk 766 was 
recently reported by Lee et al. (2001) and Lee (2001). 

The high-resolution spectrum of the Seyfert galaxy NGC 5548, obtained 
with the Chandra Low Energy Transmission Grating Spectrometer (LETGS) , 
shows many narrow absorption lines of highly ionized metal ions of ogygen. 
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Figure 3: Soft X-ray spectrum of an AGN, plotted as log flux [a.u.] versus 
log Energy [keV]. The dashed Hne shows the input continuum spectrum. The 
thick soHd Hne gives the spectrum after passage of a warm absorber. The 
calculation was carried out with the photoionization code Cloudy (Ferland 
1993). Input parameters (ionization parameter U, column density iVw) were 
chosen similar to those obtained from a Beppo-SAX observation of Mrk 766 
(Matt et al. 2000) except that U was lowered. Only the absorption edges are 
shown, and are labeled in the graph (absorption lines were omitted). If this 
theoretical absorption spectrum is now re-fit, without knowledge of the in- 
trinsic continuum (its shape and level), two fundamentally different solutions 
are possible: (i) a high-level steep continuum in which case the absorption- 
solution is recovered, or (ii) a low-level flat continuum (the horizontal thin 
solid line in the graph) in which case the presence of a strong soft excess (at 
lower energies than the OVII edge) plus some very broad emission lines are 
inferred. 



neon, iron, etc. (Fig. g), confirming the presence of a warm absorber in 
this galaxy (Kaastra et al. 2000). Similar signatures of ionized material 
have been detected with Chandra and XMM-Newton in several AGN, in- 
cluding NGC3783 (Kaspi et al. 2000), IRAS 13349+2438 (Sako et al. 2001), 
NGC4051 (Collingeetal. 2001), Mrk 509 (Yaqoob et al. 2002), and MCG -6- 
30-15 (see next paragraph). First results show that the ionized absorption is 
complex with a range in ionization states. 

Assuming that the ionized absorber outfiow is driven by radiation pressure 
of the central continuum sources. Morales & Fabian (2001) demonstrated that 
observations can then be used for an estimate of black holes masses in AGN. 
They derive masses of A/bh — 10^-^"'' Mq for the galaxies of their sample. 
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Accretion-disk region, Fe-K line. The most direct probe of the black 
hole region, and particularly, of special and general relativistic effects, is emis- 
sion from the inner part of the accretion disk (see Fabian 2001 for a review). 
Tanaka et al. (1995) reported the detection of a broadened FeKa line in 
MCG— 6-30-15. The line profile is well explained by the special relativistic 
effects of beaming and transverse Doppler effect, and the general relativistic 
effect of gravitational redshift. Depending on details of modeling the contin- 
uum, broad-winged Fe lines may also be present in several XMM spectra of 
AGN (Nandra 2001). At certain times, the red wing of MCG-6-30-15 is very 
broad, extending down to very soft energies (Wilms et al. 2001). 

With XMM it has also become clearer that the Fe-line profiles are com- 
plex, and the line has several sides of formation, including likely the BLR 
(NGC5548), the torus (NGC3783, Mrk205), the X-ray ionization cone of 
NGC 1068, and a contribution from the outer parts of the accretion disk 
(MCG-6-30-15). 



The case of MCG —6-30-15, X-ray spectral complexity. Whereas the 
signature of an ionized absorber in the form of narrow absorption lines was 
detected in this galaxy with both, XMM-Newton (Branduardi-Raymont et 
al. 2001) and Chandra (Lee et al. 2001), new interpretations of some of the 
spectral features were put forward: Branduardi-Raymont et al. suggested that 
the dominant soft X-ray features, so far interpreted as metal absorption edges 
of the warm absorber, can be better understood in terms of relativistically 
broadened emission lines which originate in the accretion disk. On the other 
hand, Matsumoto & Inoue (2001) noted that the ASCA-detected broad wing 
of the iron K line - so far interpreted in terms of relativistic broadening due to 
the fine's origin in the inner parts of the accretion disk - could be successfufiy 
modeled by invoking a two-component warm absorber. 

Fig. H summarizes and visualizes one of the basic underlying ideas in the 
discussion of emission versus absorption features at soft X-ray energies (for 
many additional details see Branduardi-Raymont et al. 2001 and Lee et al. 
2001): Depending on where the continuum is placed in Fig. |^, one would 
either infer the presence of a huge soft excess plus broad emission Jines, or a 
powerlaw spectrum modified by absorption edges. We do not discuss these 
ideas further here, except for noting that a disk-line interpretation of the 
bulk of the soft X-ray features of MCG— 6-30-15 would leave the puzzle of 
the discrepant optical and X-ray absorption of this galaxy unanswered, which 
could be solved by introducing a dusty warm absorber (Reynolds et al. 1997). 

Deep high-resolution X-ray observations of, and a search for, variability of 
the spectral features will be a very important next step in disentangling all 
components of the complex X-ray spectrum of this galaxy. 
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1.3 The X-ray search for SMBHs in ULIRGs and 
LINERS 



It is now generally believed that active galactic nuclei (AGN) are powered by 
accretion onto SMBHs. The search for heavily obscured SMBHs in ultralu- 
minous infrared galaxies (ULIRGs), and for low- luminosity AGN (LLAGN) 
in LINER galaxies is another interesting topic. It will only be briefly touched 
here, since the emphasis of this review will be on recent evidence for SMBHs 
in non-active 'normal' galaxies (next Section). 

1.3.1 ULIRGs 

ULIRGs, characterized by their huge power-output in the infrared which ex- 
ceeds 10^^ Lq (Sanders & Mirabel 1996), arc powered by massive starbursts 
or SMBHs. The discussion, which one actually dominates received a lot of 
attention in recent years (e.g., Joseph 1999, Sanders 1999). In particular, only 
a small fraction of ULIRGs show AGN signatures in their optical and infrared 
spectra. Do the remaining ones nevertheless harbor AGN ? X-ray variability 
and luminous hard X-ray emission are excellent indicators of obscured AGN 
activity. 

With a redshift z = 0.024 and a far- infrared luminosity of ~ lO^^L©, 
NGC 6240 is one of the nearest members of the class of ULIRGs. Whereas 
X-rays from distant Hyperluminous IR galaxies, HyLIRGs, were not detected 
by Wilman et al. (1999), and the ULIRGs in the study of Rigopoulou et 
al. (1996) were X-ray weak, NGC 6240 turned out to be exceptionally X-ray 
luminous. Starburst-driven superwinds are the most likely interpretation of 
the extended emission (see Schulz & Komossa 1999 for alternatives), albeit 
being pushed to their limits to explain the huge power output (Schulz et al. 
1998). The hard spectral component present in the ROSAT energy band was 
interpreted as scattered emission from an obscured AGN (Schulz et al. 1998, 
Komossa et al. 1998) which shows up more clearly at higher energies, up to 
100 keV (e.g., Vignati et al. 1999, Mitsuda 1995, Ikebe et al. 2000). The 
intrinsically luminous AGN (L^ « 10''^ erg/s), can account for at least a 
substantial fraction of the FIR power output of NGC 6240. 

Using ASCA, Nakagawa et al. (1999) studied the hard X-ray properties 
of a sample of 10 ULIRGs. Among these, 50% have hard X-ray detections. 
The most stringent upper limit for the presence of any hard X-ray emission 
was reported for Arp220. The possibility that it is a Compton-thick source 
cannot be excluded, though. 

1.3.2 LINERs 

LINER (Low-Ionization Nuclear Emission-Line Region) galaxies are charac- 
terized by their optical emission line spectrum which shows a lower degree of 
ionization than AGN. Their major power source and line excitation mecha- 
nism have been a subject of lively debate ever since their discovery. LINERs 
manifest the most common type of activity in the local universe. If powered by 
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accretion, they probably represent the low-luminosity end of the quasar phe- 
nomenon, and their presence has relevance to, e.g., the evolution of quasars, 
the faint end of the Seyfert luminosity function, the soft X-ray background, 
and the presence of SMBHs in nearby galaxies. 

The X-ray properties of LINERs are inhomogeneous. Spectra of a sam- 
ple of objects studied by Komossa et al. (1999) are best described by a 
composition of soft thermal emission and a powerlaw with varying relative 
contributions of the two components from object to object. Several studies 
of individual objects are consistent with these results (e.g., Mushotzky 1982, 
Koratkar et al. 1995, Cui et al. 1997, Ptak et al. 1999, Roberts et al. 1999). 
X-ray luminosities are in the range ~10^^~^^ erg/s; below those typically 
observed for Seyfert galaxies. The general absence of short-time scale (hours- 
weeks) X-ray variability (Ptak et al. 1998, Komossa et al. 1999) is consistent 
with the suggestion that LINERs accrete in the advection-dominated mode 
(e.g, Yi & Boughn 1998, 1999, and references therein). However, clear positive 
X-ray detections of LLAGNs in LINERs are still rare. One potential problem 
problem is to distinguish powerlaw emission of the X-ray binary population 
of the host galaxy from that of a genuine LLAGN. First Chandra results on 
LINERs show that few, if any, are obscured by absorbers of high column den- 
sity (Ho et al. 2001). Four out of eight LINERs of that study possess compact 
nuclear cores, consistent with AGNs. 



1.4 The X-ray search for SMBHs in non-active ('nor- 
mal') galaxies, and tidal disruption flares as probes 

How can we find dormant SMBHs in non-active galaxies ? Lidskii & Ozernoi 
(1979) and Rccs (1988) suggested to use the flare of electromagnetic radiation 
produced when a star is tidally disrupted and accreted by a SMBH as a means 
to detect SMBHs in nearby non-active galaxies. 

A star on a near-radial 'loss-cone' orbit gets tidally disrupted once the tidal 
gravitational forces exerted by the black hole exceed the self-gravitational 
force of the star (e.g.. Hills 1975, Lidskii & Ozernoi 1979, Diener et al. 1997). 
The tidal radius is given by 

rt^710 ( — )3( ) 3 — cm. (1) 

The star is first heavily deformed, then disrupted. About 50%-90% of the 
gaseous debris becomes unbound and is lost from the system (e.g.. Young 
et al. 1977, Ayal et al. 2000). The rest will eventually be accreted by the 
black hole (e.g., Cannizzo et al. 1990, Loeb & Ulmer 1997). The stellar 
material, first spread over a number of orbits, quickly circularizes (e.g., Rees 
1988, Cannizzo et al. 1990) due to the action of strong shocks when the most 
tightly bound debris interacts with other parts of the stream (e.g., Kim et al. 
1999). Most orbital periods will then be within a few times the period of the 
most tightly bound matter (e.g., Evans & Kochanek 1989; see also Nolthenius 
& Katz 1982, Luminet & Marck 1985). 
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Explicit predictions of the emitted spectrum and luminosity during the 
disruption process and the start of the accretion phase are still rare (see 
Sect. 3 for details). The emission is likely peaked in the soft X-ray or UV 
portion of the spectrum, initially (e.g., Rees 1988, Kim et al. 1999, Cannizzo 
et al. 1990; see also Sembay & West 1993). 



Table 1: Summary of the X-ray and optical properties of the flaring normal 
galaxies during outburst, z gives the redshift, Tbb is the black body temper- 
ature derived from a black body fit to the X-ray high-state spectrum (cold 
absorption was fixed to the Galactic value in the direction of the individual 
galaxies), 'no emi.' means: no optical emission lines were detected, ix.bb 
gives the intrinsic luminosity in the (0.1-2.4) keV band, based on the black 
body fit. This is a lower hmit to the actual peak luminosity, since we most 
likely have not caught the sources exactly at maximum light, since the spec- 
trum may extend into the EUV, and since it was conservatively assumed that 
no additional X-ray absorption occurs intrinsic to the galaxies. 

galaxy name z opt. type fcTbb [keV] i/x,bb [erg/s] 

NGC5905 0.011 HII 0.06 3 10''^* 

RXJ1242-1119 0.050 no emi. 0.06 9 10^^ 

RXJ1624+7554 0.064 no emi. 0.097 ~ lO*'' 

RXJ1420+5334 0.147 no emi. 0.04 8 10^^ 

RXJ1331-3243 0.051 no emi. 



*Mean luminosity during the outburst; since the flux varied by a factor ~3 during the observation, 
the peak luminosity is higher. 



2 Giant-amplitude X-ray flares from non- active 
galaxies 

2.1 Summary of the original X-ray observations 

With the X-ray satellite ROSAT, some rather unusual observations have been 
made in the last few years: the detection of giant-amplitude, non-recurrent 
X-ray outbursts from a handful of optically non-active galaxies, starting with 
the case of NGC5905 (Bade et al. 1996, Komossa & Bade 1999). Based on 
the huge observed outburst luminosity, the observations were interpreted in 
terms of tidal disruption events. Below, we first give a brief review of the 
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Figure 4: Optical images of NGC5905 (right) and RXJ1242-1119 (left). The 
circles mark the positional uncertainty of the X-ray emission. 

properties of all published X-ray flaring non-active galaxies and then discuss 
the favored outburst scenario. A Hubble constant of Hq = 50 km/s/Mpc is 
adopted throughout the paper. 

So far, four X-ray flaring non-active galaxies have been detected: NGC 5905 
(Bade et al. 1996, Komossa & Bade 1999; see Fig. 1), RXJ1242-1119 (Ko- 
mossa & Greiner 1999), RXJ1624+7554 (Grupe et al. 1999), and RXJ1420+5334 
(Greiner et al. 2000)[|; first results on a fifth candidate were presented by 
Reiprich & Greiner (2001). Based on the position they report, we refer to 
this source as RXJ1331— 3243. All these galaxies show similar properties: 

• huge X-ray peak luminosity (up to 10^'* erg/s), 

• giant amplitude of variability (up to a factor ~ 200) , 

• ultra-soft X-ray spectrum (/cTbb — 0.04-0.1 keV when a black body 
model is applied). 

A summary of the observations is provided in Table 1. In Fig. |^ X-ray 
lightcurves of NGC 5905 and RXJ1420+53 are overplotted, shifted in time to 
the same date of outburst to allow direct comparison. So far, the best sampled 
Hghtcurve is that of NGC 5905. The 'merged' Hghtcurve is consistent with a 
fast rise and a decline on a time scale of months to years. We performed a 
preliminary analysis of an archival ASCA observation of NGC 5905 carried 
out in 1999. The flux of NGC 5905 did not drop further compared to the last 
ROSAT observations. 

^The X-ray position error circle of RXJ1420+53 contains a second galaxy for which an 
optical spectrum is not yet available. Based on the galaxy's morphology, Greiner et al. 
argue that it is likely non-active. 
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2.2 Optical observations 



Given the unusual X-ray properties of these galaxies, a very important ques- 
tion was: what is the optical classification of the flaring galaxies. Particularly: 
are there any hints of weak permanent Seyfert activity ? This question is of 
great interest when discussing outburst scenarios^. 

Optical spectra were taken at different times and at different telescopes, 
starting several years after the X-ray high-states. The optical spectrum of 
NGC 5905 turned out to be of Hll-type, consistent with its classification prior 
to the observed X-ray outburst. Neither broad wings in the Balmer lines, 
nor AGN-typical emission-line ratios, nor high-ionization fines, which usuafiy 
indicate the presence of an AGN, were detected. The spectra of the other 
galaxies only show absorption fines from the host galaxies. 

Table 2: Coordinates (J 2000) of the optical centers of the galaxies iden- 
tified as counterparts to the X-ray fiares (NGC 5905, RXJ1242-1119A, 
RXJ1624+7554) or X-ray position (RXJ1420+5334, RXJ1331-3243). 



galaxy name 


coordinates 






RA 


DEC 


NGC 5905 


15''15'"23.4" 


+55°31'02" 


RXJ1242-1119A 


12'^42'"38.5" 


-11°19'21" 


RXJ1624+7554 


16'^24'"56.5" 


+75°54'56" 


RXJ1420+5334 


14'^20'"24.2" 


+53°34'11" 


RXJ1331-3243 


13''31'"57.6" 


-32°43'20" 



2.3 Radio observations 

Radio observations are important for two reasons: Firstly, they afiow the 
search for a pecufiar, opticafiy hidden AGN at the center of each fiaring galaxy 
(as already discussed by Komossa & Bade (1999) this possibfiity is a very un- 
likely explanation for the X-ray fiares. It is very important, though, to safely 
exclude exotic AGN scenarios). Besides hard X-ray observations, compact 
radio emission is a good indicator of AGN activity because radio photons 
can penetrate even high-column density dusty gas which is not transparent 
to optical or soft X-ray photons. Secondly, radio emission could possibly be 
produced in relation to the X-ray fiare itself. 

^For instance, theorists working on tidal disruption of stars repeatedly argued that it 
would be important to be certain about the (optically) non-active nature of the flaring 
galaxy, to exclude AGN-related variability mechanisms (changes in the accretion disk). 
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2.3.1 NVSS and FIRST search for radio emission from the X-ray 
outbursters 

A search for radio emission from the X-ray flaring galaxies was performed, 
utiUzing the NRAO VLA Sky Survey (NVSS) catalogue (Condon et al. 1998) 
which contains the results of a 1.4 GHz radio sky survey north of (5=-40°. 
Except NGC5905, no flaring galaxy has a NVSS detection. At 1.4 GHz, the 
emission of NGC 5905 appears extended and is thus related to the galaxy 
instead of the nucleus (see also next Section) . 

NGC 5905 is also detected in the FIRST VLA sky survey at 20cm (e.g., 
Becker et al. 1995). No radio emission from RXJ1420+53 was found. The 
FIRST catalogue detection limit at the source position is 0.96 mJy/beam. 
None of the other outbursters is located within a FIRST survey held. 

2.3.2 Radio emission from NGC 5905 

21 cm neutral hydrogen line emission was detected by van Moorsel (1982; see 
also Staveley-Smith & Davies 1987), using the Westerbork Synthesis Radio 
Telescope (WSRT). The emission is spatially resolved (Fig. 3 of van Moorsel 
1982) with an extent of diameter 7.3'. Peaks in the HI emission closely follow 
the spiral arms. Whereas the bulk of the radio emission detected at the 
frequency of the 21cm line is unrelated to the nucleus, van Moorsel also briefly 
mentions the presence of unresolved continuum emission of 13.2 mJy. 

Extended radio emission was also found by Hummel et al. (1987) at 1.49 
GHz, whereas Brosch & Krumm (1984) reported upper limits at 5 GHz (for 
both, extended emission and a nuclear source). Israel & Mahoney (1990) give 
an upper limit at 57.5 MHz (see our Fig. 

Hummel et al. (1987) reported the presence of an unresolved (^ 2") core 
source at a frequency of 1.49 GHz. Similar sources were found in 41% of the 
HII galaxies of the 'complete sample' of Hummel et al. (1987; their Tab. 1). 

Finally, we note that the NVSS and FIRST surveys were performed after 
the X-ray outburst of NGC 5905. However, the NVSS value is consistent 
with previous measurements of extended radio emission at that frequency. 
Similarly, the FIRST value is consistent with the pre-flare measurement of 
Hummel et al. (1987) at the same frequency. 

In order to search for a radio source at the nucleus of NGC 5905 after the 
X-ray outburst (besides a permanent AGN, radio emission could be produced 
in relation to the X-ray flare) a radio observation with the VLA A array at 
8.46 GHz was carried out by M. Dahlem in 1996. No radio source was detected 
within the central fleld of view of 100" x 100" with a 5a upper limit for the 
presence of a central point source of 0.15 mJy (Komossa & Dahlem 2001). 
Assuming a distance of 75.4 Mpc of NGC 5905 this translates into an upper 
limit of L8.46GHZ < 1.01020 W/Hz. 

The radio measurements of NGC 5905 are summarized in Fig. ^ together 
with multi- wavelength observations. 
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Figure 5: Multi-wavelength continuum spectrum (SED) of NGC 5905 (sym- 
bols). The SED of the active galaxy NGC 4151 (Komossa 2001) is shown for 
comparison by the soHd/dotted Hne. Arrows denote upper Hmits. Radio data, 
from left to right: arrow: Clark Lake Radio Observatory TPT array (Israel & 
Mahoney 1990); lozenge: 21 cm line(van Moorsel 1982); cross: NVSS survey; 
open circle: FIRST survey; plus: VLA (Hummel et al. 1987); upper limits: 
WSRT (upper point: total emission within 2.4', lower point: nuclear emission 
within 10"; Brosch & Krumm 1984); upper limit: VLA post-flare observation 
(Komossa & Dahlem 2001); filled squares: IRAS (taken from NED data base), 
open square: optical B-magnitude (taken from NED), asterisks: X-ray high- 
state emission (Komossa & Bade 1999). Note: data were taken with different 
aperture sizes and resolution, and at different times. 
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2.3.3 Origin of the radio emission of NGC 5905 

A large contribution to the radio emission of NGC 5905 comes from the 21cm 
Hne of neutral hydrogen. In addition there is some radio continuum emission 
at the same frequency, and at 1.49 GHz (FIRST). No other radio detection 
was reported. 

The radio emission of large samples of spiral galaxies was examined by, 
e.g., Brosch & Krumm (1984), Hummel et al. 1987, Giuricin et al. (1990), 
Israel & Mahoney (1990), Sadler et al. (1995), and Falcke (2001). Radio 
emission (extended and from the inner few arcseconds) was generally detected 
from a number of the non-active spiral galaxies in the samples. E.g., Hummel 
et al. find unresolved (^ 2") core sources in 41% of the HII galaxies of 
their 'complete sample' at 1.49 GHz. At 57.5 MHz, Israel & Mahoney (1990) 
detected 68 out of 133 observed galaxies. Trends were repeatedly reported 
in the literature, that paired HII galaxies (like NGC 5905) and interacting 
galaxies show enhanced total and central radio emission compared to isolated 
galaxies (e.g., Giuricin et al. 1990, and references therein). Enhanced star- 
formation activity was considered a possible explanation of this effect. In 
some cases, nuclear radio sources in spirals could possibly be explained by 
radio supernovae (Sadler et al. 1995). 

In summary, the radio emission of NGC 5905 is not unusual for its class 
and does not indicate the presence of a luminous, optically hidden AGN|^. 



, >4iXll1420 + 53 




/ ' xt>JGC5905. 
/ ^XJl 624+75 


\ ^XJ 1242-1 1 . \ 


( 






aXJ.1331-32 \ 

) 



















Figure 6: Locations of the X-ray flaring galaxies on the sky (Galactic II 
coordinates in aitoff projection). 



■'The radio observations do not exclude the presence of some low-level nuclear radio 
activity related to a low-luminosity AGN, like it may be present for instance in many 
LINERs (e.g., Falcke 2001, and references therein). 
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Figure 7: X-ray light curve of NGC 5905 (black squares), and RXJ1420+53 
(open circles; shifted in time to match outburst date of NGC 5905). Arrows 
denote upper limits. A preliminary analysis of an archival ASCA observation 
of NGC 5905 carried out in 1999 shows that the source flux did not drop 
further compared to the last ROSAT observations. 



3 Favored outburst scenario: tidal disruption of 
a star by a SMBH 

3.1 (Rejected or unlikely) alternatives to tidal disrup- 
tion: stellar sources, lensing, GRB, hidden AGN 

Most examined outburst scenarios do not survive close scrutiny (Komossa & 
Bade 1999), because they cannot explain the huge maximum luminosity (e.g.. 
X-ray binaries within the galaxies, or a supernova in a dense medium), are 
inconsistent with the optical observations (gravitational lensing) , or predict a 
different temporal behavior (X-ray afterglow of a Gamma-ray burst; see, e.g.. 
Fig. 2 of Bradt et al. 2001). Standard AGN scenarios cannot account for 
the soft X-ray flares and the absence of optical AGN-Hke emission Hues (see 
the discussion by Komossa & Bade 1999 and Komossa & Voges 2001 for more 
details). 
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3.2 Tidal disruption model 



Except possibly for some GRB-related emission mechanisms, the huge peak 
outburst luminosity nearly inevitably calls for the presence of a SMBH^. This, 
in combination with the complete absence of any signs of AGN activity at all 
wavelengths, makes tidal disruption of a star by a SMBH the favored outburst 
mechanism. 

After a short overview of aspects of tidal disruption models discussed in 
the literature, we apply these models to the X-ray flare observations. 

3.2.1 Tidal disruption, short overview 

Historically, tidal disruption of captured stars by black holes was flrst consid- 
ered in relation to star clusters and galactic nuclei (e.g., Frank & Rees 1976), 
and was applied to the nuclei of active galaxies where it was suggested as a 
means of fuehng AGN (e.g., Hills 1975, Sanders 1984), or to explain UV-X-ray 
variability of AGN (e.g., Kato & Hoshi 1978). Shields & Wheeler (1978) then 
argued that tidal disruptions of captured stars cannot provide an effective 
source of fuel of AGN, basically because of two problems: Firstly, the disrup- 
tion rate is not high enough to sustain a permanent gas flow, and low-angular 
momentum orbits are quickly depleted of stars. If, however, the stellar density 
close to the black hole is high enough, stellar collisions would dominate the 
gas supply over tidal disruption. Secondly, it is difficult to account for the 
luminosity of the most luminous quasars, since these have masses where the 
tidal radius is inside the Schwarzschild radius. 

A star will only be disrupted if its tidal radius lies outside the Schwarzschild 
radius of the black hole, else it is swallowed as a whole. This happens for black 
hole masses larger than ~10® M©; in case of a Kerr black hole, tidal disruption 
may occur for even larger BH masses if the star approaches from a favorable 
direction (Beloborodov et al. 1992). More massive black holes may still strip 
the atmospheres of giant stars. 

Due to the complexity of the problem, theoretical work focussed on differ- 
ent subtopics of the complete problem, and on stars of solar mass and radius. 
Calculations and numerical simulations of the disruption process, the stream- 
stream collision, the accretion phase, the changes in the stellar distribution of 
the surroundings and the depopulation and refilling of low-angular momen- 
tum orbits, and the disruption rates have been studied in the literature (e.g., 
Nolthenius & Katz 1982, 1983, Carter & Luminet 1985, Luminet & Marck 
1985, Evans & Kochanek 1989, Laguna et al. 1993, Diener et al. 1997, Ayal 
et al. 2000, Ivanov & Novikov 2001; Kochanek 1994, Lee et al. 1995, Kim et 
al. 1999; Hills 1975, Gurzadyan & Ozernoi 1979, 1980, Cannizzo et al. 1990, 
Loeb & Ulmer 1997, Ulmer et al. 1998; Frank & Rees 1976, Lightman & 
Shapiro 1977, Norman & Silk 1983, Sanders & van Oosterom 1984, Ranch & 
Ingalls 1998, Ranch 1999; Syer & Ulmer 1999, Magorrian & Tremaine 1999). 

■^in fact, even most GRB scenarios involve the presence of a black hole as ultimate energy 
reservoir 
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DiStefano et al. (2001) recently considered the case of M > Mq, and sug- 
gested that remnants of tidally stripped stars might be detected as supersoft 
X-ray sources at the centers of nearby galaxies. 
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Figure 8: Run of tidal ra- 
dius and Schwarzschild ra- 
dius in dependence of black 
hole mass, for a star of so- 
lar mass and radius. For 



large SMBH masses, stars 
are swallowed whole, since 
the tidal radius is no longer 
outside the Schwarzschild 
radius. 
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3.2.2 Tidal disruption in active galaxies (?) 

During the last several years, tidal disruption was occasionally considered as 
explanation of some properties of active galaxies (either AGN as a class, or 
individual peculiar observations) , although alternative interpretations existed 
in each case: Tidal disruption was applied by Eracleous et al. (1995) in a duty 
cycle model to explain the UV brightness/ darkness of LINERs. Roos (e.g., 
1992) suggested an origin of the BLR clouds of AGN in terms of the gaseous 
debris of tidally disrupted stars. Peterson & Ferland (1986) proposed tidal 
disruption as possible explanation for the transient brightening and broad- 
ening of the Hell line observed in the Seyfert galaxy NGC 5548. Brandt et 
al. (1995) and Grupe et al. (1995) reported the detection of an X-ray out- 
burst from the active galaxy Zwicky 159.034 (IC 3599). Besides other outburst 
mechanisms, tidal disruption was briefly mentioned as possibility. Based on 
high-resolution post-outburst optical spectra, Komossa & Bade (1999) clas- 
sified IC3599 as Seyfert type 1.9. In the UV spectral region, two UV spikes 
were detected at and near the center of the elliptical galaxy NGC 4552. The 
central flare, although rather weak, was interpreted by Renzini et al. (1995) 
as accretion event (the tidal stripping of a star's atmosphere by a SMBH, or 
the accretion of a molecular cloud). There are several indications (e.g., from 
radio observations), that NGC 4552 shows permanent low- level activity. 
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3.2.3 Emission of radiation, temporal evolution, and model uncer- 
tainties 



Intense electromagnetic radiation will be emitted in three phases of the dis- 
ruption and accretion process: First, during the stream-stream collision when 
different parts of the bound stellar debris first interact with themselves (Rees 
1988). Kim et al. (1999) have carried out numerical simulations of this pro- 
cess and find that the initial burst due to the collision may reach a luminosity 
of 10"^^ erg/s, under the assumption of a BH mass of 10^ Mq and a star of 
solar mass and radius. Secondly, radiation is emitted during the accretion 
of the stehar gaseous debris. Finally, the unbound stellar material leaving 
the system may shock the surrounding interstellar matter and cause intense 
emission, like in a supernova remnant (Khokhlov & Melia 1996). 

Many details of the tidal disruption and the related processes are still un- 
clear. In particular, the flares cannot be standardised. Observations would 
depend on many parameters, like the type of disrupted star, the impact pa- 
rameter, the spin of the black hole, effects of relativistic precession, and the 
complication of radiative transfer by effects of viscosity and shocks (Rees 
1990). Uncertainties also include the amount of the stellar material that is 
accreted (part may be ejected as a thick wind, or swallowed immediately). 
Related to this is the duration of the flare-like activity, which may be months 
or years to tens of years (e.g., Rees 1988, Cannizzo et al. 1990, Gurzadyan & 
Ozernoi 1979), followed by a decline on a longer time scale. The flare duration 
depends on how fast the stellar debris circularizes and how fast it accretes. 
If both time scales are short and the material accretes at the same rate as it 
falls back towards the black hole, the decline time scale of the flare scales as 

dm ,_5 

(e.g., Evans & Kochanek 1989, Rees 1990). Else energy output wih be spread 
more evenly in time (Cannizzo et al. 1990). 

Another uncertainty in predicting the flare spectrum arises from the mode 
of accretion: does it proceed via a thin disk (e.g., Cannizzo et al. 1990) or a 
thick disk (Ulmer et al. 1998), and, if in a thick disk, under which angle do 
we view it ? 



3.3 Order of magnitude estimates and consistency checks 
3.3.1 Inferences from X-ray observations 

Although many details of the actual tidal disruption process are still unclear, 
some basic predictions have been repeatedly made in the literature how a tidal 
disruption event should manifest itself observationahy: 

• (1) the event should be of finite duration (a 'fiare'), 

• (2) it should be very luminous (up to imax ~ 10^^ erg/s in maximum), 
and 
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• (3) it should reside in a galaxy which is otherwise perfectly non-active 
(to be sure to exclude an upward fluctuation in gaseous accretion rate 
of an active galaxy) . 

All three predictions are fulfilled by the X-ray fiaring galaxies; particularly by 
NGC 5905 and RXJ1242— 1119, which are the two best-studied cases so far. 

In addition, we can do some further order of magnitude estimates and 
consistency checks. The luminosity emitted if the black hole is accreting at 
its Eddington luminosity can be estimated by 

^^^^ ^ 47rGMmpC ^ ^ 3 ^ iq^s^/Mq erg/s . (3) 

In case of NGC 5905, a BH mass of at least a few ~10^ Mq would be required 
to produce the observed luminosity. This is a lower limit on the black hole 
mass, since we likely did not observe Lx at its peak value due to observational 
gaps in the lightcurve, and since other conservative assumptions were mad^. 
A comparison with the SMBH mass of NGC 5905 using indirect optical meth- 
ods is performed in Sect. 3.3.2. For the other galaxies, using again L^dd, we 
infer BH masses reaching up to a few 10® M©. This is, again, a lower limit. 
Alternative to a complete disruption event, the atmosphere of a giant star 
could have been stripped. 

In a simple black body approximation, the temperature of the accretion 
disk scales with black hole mass as 

r^8104(^)A K (atrO, T ^ 2 10^ (^)-^ K (at Br^) . (4) 

This gives Tr,,^^, ~ BIO^K, Tsrs - TIO^K for M=1O®M0, where rs is the 
Schwarzschild radius. Using black body fits of the X-ray fiare spectra we find 
temperatures in a similar range; Tobs — (4-10) 10^ K. Like in AGN, X-ray 
powerlaw tails could develop. They might have escaped detection during the 
observations, since weak, or they may develop only after a certain time after 
the start of the accretion phase. We soon expect first results from a Chandra 
and XMM observation of RXJ1242— 1119, which will give valuable constraints 
on the post-flare evolution. 

The Eddington time scale for the accretion of the stellar material is given 

by 

iedd ^ 4r;o.i(MBH/lO^M0)(M*/O.lMo) yrs. (5) 

Uncertainties in estimating the total duration of the tidal disruption event 
arise from questions like: how much material is actually accreted or expelled, 
does a strong wind develop, etc. (see Sect. 3.2.3). The events are expected 
to last for months to years (e.g., Rees 1988). Observationally, the duration of 
the events was at least several days, followed by gaps in the observations. The 
source fluxes were then signiflcantly down several years later (e.g.. Fig. 9 of 
Komossa & Bade 1999). Apart from theoretical uncertainties in the prediction 
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of the decline time scale in the total luminosity output (Sect. 3.2.3), the 
emission will also likely shift outside the ROSAT band, from the X-ray to the 
EUV-UV band, with increasing time. 

Finally, we note that the redshift distribution of the few sources observed 
so far is consistent with the predicted tidal disruption rate, in the sense that 
the events are sufficiently distant to define a large volume of space, in which 
the detection of a few events would be expected. 

3.3.2 Non X-ray estimates of the black hole mass in NGC 5905 

An optical rotation curve was obtained by Komossa & Bade (1999) which 
allowed an estimate of the mass enclosed within 0.7 kpc: M « 10^° Mq. This 
immediately provides an upper limit on BH mass, but the volume sampled 
is still too large to estimate the actual BH mass. An HST-based rotation 
curve would significantly improve the above limit and thus the constraints on 
a central dark mass. 

In order to get a better (non- X-ray) estimate of the BH mass of NGC 5905, 
we used the correlation between bulge properties and BH mass. 

NGC 5905 has a total blue magnitude of m^^o = 12.1™. Using the bulge- 
to-disk luminosity ratio generally valid for galaxies of the Hubble-type of 
NGC 5905 (SBb), k = 0.25 (Salucci et al. 2000), gives the absolute bulge 
blue magnitude, B^"q®'' = —20.5. We then compared with two recent studies 
that correlate BH mass and bulge blue luminosity: (i) the work of Ferrarese 
& Merritt (2000; FMOO) which concentrates mostly on elliptical galaxies, and 
(ii) the work of Salucci et al. (2000; SOO) on spiral galaxies. 

Using the relation between bI^"q^'' and Mbh of FMOO (their 'sample A', 
their Tab. 2; see also, e.g., R-anceschini et al. 1998) gives a BH mass of a few 
times 10^ M0 for NGC 5905. This is close to the Hmiting BH mass for tidal 
disruption of a solar-type star to work. However, it has to be kept in mind, 
that the b!^"q^° - Mbh relation shows a very large scatter (in contrast to the 
Mbh - o relation), and that the few spirals in the sample of FMOl tend to be 
located below the relation followed by ellipticals. Therefore, in a second step, 
we used the results of SOO on BH masses in (late-type) spiral galaxies (their 
Fig. 6). In that case we obtain an upper limit for the BH mass of NGC 5905 
of Mbh ^ 10^ Mq. 

Finally, the relation between radio luminosity and BH mass of Franceschini 
et al. (1998, their Fig. 3; see also Wu & Han 2000) was employed. The 
measured radio upper Hmit for the nucleus of NGC 5905 then translates into an 
upper Hmit on black hole mass of Mbh ^ 2.5 10® Mq. Results are summarized 
in Tab. |. 

3.3.3 Properties of the host galaxies 

The expected rate of tidal disruption events is about one event in at least 
~10^ years per galaxy (e.g., Magorrian & Tremaine 1999), and the whole 
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Table 3: Summary of mass estimates of the black hole at the center of 
NGC5905, employing different methods (see the text for details). 

energy band method BH mass 

X-rays i-Eddington 

optical Afe, bulge — ^-^bh correlation, spirals 

-Mb, bulge — -^BH correlation, eUipticals 
rotation curve 
radio nuclear radio power — Mbh correlation 



> few 10"^ 
« 10^ Mq 
« few 10^ M, 

< IQio Mq 

< 2.510* Mr. 
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Figure 9: Position of 
NGC 5905 in the - Lb 
diagram in outburst and 
low-state. The dashed lines 
mark the region populated 
by some samples of ellipti- 
cal galaxies. 



ROSAT data base has to be employed for a systematic search for further tidal 
disruption events (for first results see Komossa & Bade 1999, and below). 

The disruption rate depends on the efficiency with which the loss-cone 
orbits are re-filled (Frank and Rees 1976, Lightman and Shapiro 1977, Shields 
& Wheeler 1978). This can be done by perturbations of the stellar orbits, 
e.g. by merging events (Roos 1981) or a triaxial gravitational potential in the 
galaxy's core (Norman & Silk 1983). 

Are the observed flaring galaxies special in this context (i.e., did any pro- 
cess aid in re-populating the loss-cone orbits)? So far, not much is known 
about the host galaxies of the few flaring galaxies. The best studied case is 
NGC 5905. It is interesting to note that this galaxy posses multiple triaxial 
structures with a secondary bar (Friedli et al. 1996, Wozniak et al. 1995) 
which might aid occasional tidal disruption events by disturbing the stellar 
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velocity fields. NGC 5905 is in a pair with NGC 5908. 

RXJ1242— 11 is actually a pair of galaxies at similar redshift, and it is well 
possible that both galaxies arc interacting. The X-ray error circle of another 
outburster, RXJ1420+53, also includes two galaxies. However, a redshift is 
so far only available for the brighter of the two. 

The Hubble types of the fiaring galaxies are not known in all cases. NGC 5905, 
of type SB (Keenan 1937), is one of the largest spiral galaxies known (e.g., Ro- 
manishin 1983), whereas some of the other host galaxies look like ellipticals. 
Deeper optical imaging is presently in progress. 

4 Search for further X-ray flares 

While we wait for the next-generation of X-ray all-sky surveys, we can still 
make use of an existing data base which has not yet been fully exploited, the 
ROSAT data base (Voges et al. 1999). 

In a first step to search for further cases of strong X-ray variability the 
sample of nearby galaxies of Ho et al. (1995) and ROSAT all-sky survey 
(RASS) and archived pointed observations were used. The sample of Ho et 
al. has the advantage of the availability of optical spectra of good quality, 
which are necessary when searching for 'truly' non-active galaxies. 136 out of 
the 486 galaxies in the catalogue were detected in pointed observations. The 
source countrates were then compared with those measured during the RASS. 

4.1 Non-active galaxies 

No other X-ray fiaring, optically in-active galaxy was found. The absence 
of any further fiaring event among the sample galaxies is entirely consistent 
with the expected tidal disruption rate of one event in -^10^"^ years per galaxy 
(e.g., Magorrian & Tremaine 1999). 

The next step, presently in progress, will be an extended search for X- 
ray flaring events based on the whole ROSAT all-sky survey database. This 
approach will allow statistical inferences on the abundance of SMBHs in non- 
active galaxies (Sembay & West 1993). 

4.2 AGN 

Several of the sample galaxies show variability by a factor 10-30. All of these 
are well-known AGN. 

Many active galactic nuclei are variable in X-rays with a range of ampli- 
tudes, typically a factor 2-3 (e.g., Mushotzky et al. 1993, Ulrich et al. 1997). 
The cause of variability is usually linked in one way or another to the central 
engine; for instance by changes in the accretion disk (e.g., Piro et al. 1988, 
1997), or by variable obscuration (e.g., Komossa & Fink 1997a, Komossa & 
Janek 2000). None of the well-studied X-ray variable AGN of the present 
sample are candidates for tidal disruption events since their hghtcurves show 
recurrent variability on different time scales. 
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An example for a highly variable AGN among the present sample galaxies 
is NGC4051. Its long-term ROSAT X-ray lightcurve exhibits variability in 
countrate by a factor ^--^30. Only a small part of the variability of NGC4051 
can be explained with a variable warm absorber, the rest is likely intrinsic 
(Komossa & Fink 1997a, Komossa & Janek 2001, and references therein). 

Even higher total amplitude of variability is detected in two subsequent 
ROSAT observations of NGC3516. The X-ray countrate varies by a factor 
~50 (Komossa & Bade 1999, Komossa & Halpern 2001, in prep.); variable 
cold absorption likely plays a major part in explaining the observations. 

5 Future perspectives 

X-ray outbursts from non-active galaxies provide important information on 
the presence of SMBHs in these galaxies, and the link between active and 
normal galaxies. One advantage of this method compared to other approaches 
to search for central dark masses - like HST-based galaxy rotation curves - is 
that the X-ray flare emission originates from the very vicinity of the SMBH. 
Therefore, potentially it provides much tighter constraints on the black hole 
mass. Flares can also be detected out to larger cosmological distances. 

Follow-up studies: future X-ray surveys. Future X-ray surveys, like 
those planned with the LOBSTER ISS X-ray all-sky monitor (Fraser 2001), 
MAXI (Yuan et al. 2001, Mihara 2001), and ROSITA (Predehl 2001) will be 
valuable in finding more of these outstanding sources. In addition, a number 
of flare events are expected to be detected (Yuan et al. 2002) in pointings of 
the XMM-JVewtoii and Chandra missions. 

On the one hand, all-sky surveys will be important in detecting the bright- 
est events, due to their large areal sky coverage. Those surveys with sensitivity 
at the softest energies will be most efficient. On the other hand, deeper point- 
ings on limited areas, or 'pencil beam' surveys will increase the number of 
(more distant, on average fainter) events (see Yuan et al. 2002 for logN-logS 
estimates of the expected number of flares detectable with XMM-Newton, and 
Sembay & West 1993 for a general discussion). Concerning deep surveys in 
limited fields of view, two effects are important. Firstly, there is a limiting 
maximal brightness the events can reach in the context of the tidal disruption 
scenario: the most luminous events are those with black hole masses around 
10® M0, with high accretion rate, and the maximal possible fraction emitted 
in the X-ray band (definite upper limit: Lflarc ^ lO^^-^e erg/s). Secondly, 
there is a limiting distance out to which fiare events are detectable because 
the fiare spectra are very soft, and for increasing redshift more and more of 
the (black-body-like) emission is shifted out of the observable energy band 
(Fig. In addition, distant galaxies may show a higher intrinsic fraction 

of cold gas which will heavily absorb at soft X-rays. 

After the discovery of new X-ray fiare events, rapid foUow-up multi- wave- 
length observations will be essential. Apart from valuable new constraints on 
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Figure 10: Simulation of an XMM spectrum (EPIC pn instrument) of an 
X-ray flare similar to the one observed from NGC 5905, assuming a medium- 
deep exposure of 100 ksec and a single black body spectrum of kT = 0.05 
keV absorbed by iVcai = 1-5 10^" cm^^ redshift of z=0.01. At z=0.1 the 
very soft black-body-hke emission is partly redshifted out of the instrument's 
energy bandpass, causing a further drop in the observed countrate (^30% at 
2=0.1) in addition to the flux decrease because of the larger distance. The 
effect increases with redshift such that very distant flares can no longer be 
detected since shifted out of the observable energy range. Among the X- 
ray flares, that of NGC 5905 was of lowest luminosity. More luminous flares 
would therefore be detectable out to much higher redshifts. In addition to 
the continuum spectrum, we may expect to detect emission features which 
arise in the accreted material, or absorption features from the ISM of the host 
galaxy. 

the favored outburst scenario which would also allow a reflnement of model 
calculations, these observations would enable us to address a number of im- 
portant topics: 

Absorption-line spectroscopy of the IGM/ISM. As the flare emission 
travels through the ISM of the host galaxy, and the IGM, absorption features 
will be imprinted on the X-ray spectrum. These can then be used to study 
the properties of the absorbing material. 

Emission- line spectroscopy of the circumnuclear material. If the soft 
X-ray flare emission has an extension into the EUV, which is highly likely, then 
optical observations will be important in order to detect potential emission 
lines that were excited by the outburst emission. Firstly, any gaseous material 
close to the nucleus is expected to show an emission-Hne response. The time 
variability of these lines will allow a reverberation mapping of the circum- 
nuclear gas; Hne proflles, and Hne-ratios will allow to estimate the velocity 
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structure and physical conditions (density, abundances) of this gas. In par- 
ticular, this would also enable us to search for the presence of a BLR in these 
optically in-active galaxies. 



Probing the realm of strong gravity. If observed with high spectral 
and temporal resolution with the next generation of X-ray telescopes, like the 
XEUS mission sensitive between 0.05-30 keV, the flare spectra may allow to 
probe the realm of strong gravity, since the temporal evolution of the stellar 
debris, and of potential spectral features, will depend on relativistic precession 
effects around the Kerr metric. 
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